A commodity price boom is under way. What does this boom mean for countries with substantial net commodity exports? In particular, can a commodity price boom be expected to increase inflationary pressure on the domestic economy?
Introduction
Explanations of inflation tend to emphasize monetary policy or domestic market conditions, particularly labor market institutions and the strength of demand for domestic output relative to productive capacity. We examine an additional influence on the inflationary process, namely prices of primary commodities. We incorporate primary product prices into a structural model of pricing, where the domestic cost of finished goods is determined by prices of both primary commodities used as raw materials and the wage rates of industrial labor. Prime costs are marked up to determine finished goods prices. The cyclical behavior of finished goods prices then depends on domestic cyclical movement in wage rates, labor productivity and pricecost margins as well as in world cyclical movements in primary commodity prices.
Previous research, , examines the influence of primary commodity prices on inflation in each of three major industrialized countries: Japan, UK and US. We estimate a system of equations in which the key dependent variables are world commodity prices, the domestic inflation rate for finished goods and the rate of domestic industrial wage inflation. These estimates allow us to identify common elements in the inflation dynamics of three of the leading industrialized countries.
We find that world commodity prices move pro-cyclically with the growth rate of world industrial production. Further, in each country, world commodity price changes expressed in domestic currency and domestic wage changes have a positive, but less than proportional, relation to finished goods inflation. In each country, there is also a positive, but less than proportional, impact of finished goods inflation on the rate of wage growth. Thus, we find evidence of a feedback mechanism associated with the wage-price spiral in each country, with a common impetus to upward and downward movements in the spiral coming from worldwide commodity price movements.
The previous research leads us to consider inflation as a global phenomenon related to the world business cycle, because primary commodity prices are determined in world markets and, yet, are used as raw materials in the production process in all industrialized countries. In the present paper, we extend our analysis to consider the circumstances of two smaller industrialized countries that are substantial net exporters of primary commodity products, namely Australia and Canada.
In dealing with smaller industrial countries that are substantial exporters of primary commodities, we extend our framework in two ways. First, we allow the price of competing foreign products to affect prices of domestic finished goods.
Following Bloch (1974) or Kardasz and Stollery (1998) for Canada and Bloch (1992) for Australia, the price set by domestic import-competing producers is positively related to the price of competing foreign products.
As a second extension, we introduce an exchange rate equation to provide a link between foreign and domestic prices. show that this is particularly important in the case of Australia, as primary commodities have been so dominant in Australian exports that the Australian dollar is generally considered to be a "commodity currency". Canadian dollars are also often viewed as a "commodity currency". We therefore need to establish whether the Canadian and Australian dollar price of raw materials follows the worldwide pattern, or rather deviates from this pattern due to offsetting fluctuations in the exchange rate. Thus, an exchange-rate equation is included in our small structural model for inflation determination in Australia and Canada. The full estimating model applied to Australia and Canada includes equations for the world price of primary commodities, the foreign exchange rate, the domestic price of finished goods and domestic industrial wages. We estimate this model using quarterly data covering 1960 through 2001. The results show evidence that the world industrial production cycle influences prices for both Australia and Canada, albeit an influence that is moderated by the partially offsetting impact of exchange rate appreciations (depreciations) during commodity price booms (busts). Our estimating model is described in the following section, which also contains a discussion of the predicted impacts for key variables. The data, estimation method and empirical results are discussed in the following section. The final section presents conclusions and discusses the implications for economic policy in Australia.
Modeling commodity prices and inflation
Markets for primary commodities are notoriously volatile, arising from the interaction of inelastic demand (for both price and income) and supply. They are also prone to periods of boom and bust of significant magnitude (see Sapsford and Morgan, 1994 for an overview). Cashin and McDermott (2002) argue that the volatility of commodity prices is so great as to dominate any trend movement.
Primary commodities are used as raw materials in the manufacturing process, so that demand increases with industrial production. Figure 1 shows the rates of change in OECD industrial production and in the IMF index of primary commodity prices over the period from 1960 to 2001. The price index is expressed in US dollars as this the dominant currency for trading primary commodities on world markets. The rises and declines occur at similar times, but there is substantially greater volatility in primary commodity prices. For this reason, changes in industrial production are shown on a much narrower scale in Figure 1 than are changes in commodity prices.
This allows for a much clearer depiction of the coincidence in the cyclical movements. : 1960-2001 Quarterly changes (four-quarter moving average) ($US) Bloch and Sapsford (2000) ; include factors other than world industrial production as impacting on the demand and supply for primary commodities. In particular, demand increases with prices of substitute inputs, labor and capital, and with the prices received for manufactured products. The supply of primary commodity production is subject to capacity constraints in the short to medium run, but grows over time with investment in productive capacity and with technical progress. Here, we extend the analysis to also allow for influences of interest rates on the supply of primary commodities, operating through investment in productive capacity, through arbitrage between spot and futures markets or through impacting the rate of exploitation of non-renewable resources in the production of primary commodities.
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A general reduced-form equation for the world price of primary commodities is:
In (1), pc is the world price index of the primary commodity expressed in US dollar terms. X, px, w are measures of total world industrial production (given by the sum of Xi over all countries), the average price at which this product is sold in the various countries, and the average wage of industrial workers, respectively. Also, r is a measure of the long-term or short-term interest rate on world markets and T is time, which is our crude proxy for the productive capacity summed across primary producers. Finally, ε is a disturbance term for the influence of supply shocks (such as droughts, floods and earthquakes).
Pro-cyclical movement in primary commodities prices is expected in (1).
Prices of industrial products and industrial wages are also expected to have a positive influence on primary product prices. A negative impact is expected for increases in capacity due to investment and technical progress, which increase short-run commodity supply. Only the impact of interest rates is ambiguous, as there are offsetting impacts on demand as a substitute input (positive) and on supply altering the timing of production and inventory decisions (negative).
Foreign exchange rates can be linked to primary product prices through their influence on the terms of trade. Bloch (1991) Figure 2 for the period that the Australian dollar has been floating, since 1984. Closely parallel movements are clearly evident throughout the period and the amplitudes are similar. A corresponding chart for Canada is shown in Figure 3 for the period that the Canadian dollar has been floating, since 1970Q2. While the peaks and troughs are clearly related, the amplitude of the commodity changes far exceeds that of the exchange rate changes. 1984Q4 1986Q4 1988Q4 1990Q4 1992Q4 1994Q4 1996Q4 1998Q4 2000Q4 Quarterly change (%) 
In ( and Stollery (1998) find evidence that prices and profit margins of manufactured goods in Canada increase with prices of competing goods in the US, at least in highly concentrated industries, while Bloch (1992) finds related evidence for Australian manufacturing. Thus, we allow for the aggregate price level to be affected by prices of competing foreign products, specifically prices in the US as the US is Canada's dominant trading partner and a major trading partner for Australia, as well as by input prices that affect production costs. We also allow for the possibility that direct production costs or the profit margin are cyclical.
The estimating equation is of the general form:
In (3), Xi (i = au or cn) is a measure of aggregate production (measured by real GDP) in either Australia or Canada, while pxusi is a measure of the average price of competitive foreign products from the US expressed in local currency. Wi and pci (i = au or cn) are measures of the nominal wage rate in Australia or Canada and of the price of primary commodities expressed in either Australian or Canadian currency, respectively. T is time, which we use as a proxy for technology available for manufacturing.
Wage rates are generally given more prominence in discussions of the determinants of inflation than are primary commodity prices. We explicitly include wages in our model of inflation. In particular, we allow the level of wages to be influenced by slack in labor markets, labor productivity and the cost of living, with a separate role for primary commodities given our interest in their role in the inflation process. A general equation is the form:
In (4), Ui (i = au or cn) is the domestic unemployment rate and time (T) to capture trend growth in domestic labor productivity).
Some Empirical Evidence
The previous section specifies a four-equation model consisting of equations describing the determination of world primary commodity prices, equation ( For purposes of estimation we take the world price of primary commodities (pc), the exchange rate vis a vis the US dollar (Ei), as well as domestic prices and wage rates, pxi and wi, respectively, where i = au, cn as endogenously determined. 4 It should be noticed that the price of primary commodities expressed in Australian or Canadian dollars (pcau or pccn) is given, by construction, as the product of the world price expressed in US dollars (pc) and the exchange rate prevailing at the time in question between the Australian or Canadian dollar and the US dollar (Eau or Ecn, respectively). Since both of these individual 'components' are treated as endogenously determined, pcau or pccn is to be treated likewise. The price of competing foreign products expressed in Australian or Canadian dollars (pxus,au or pxus,cn), is similarly the product of two components pxus and the relevant exchange rate. Thus, the price of competing foreign products is also treated as endogenous in the following analysis. 5 The ADF test fails to reject the hypothesis of a unit root for the first difference of the logs of the US and Canadian price and wage indices. However, the first difference of the log of each of these variables displays an upward trend over period from 1960 to the late 1970s, followed by a declining trend from
Primary commodity prices
The results that are obtained for estimation of (1) using the first differences in the log of the world commodity price index as the dependent variable in Table 1 . We allow for up to four lags on all the variables indicated in (1), with insignificant lags and variables excluded using the 'general-to-specific' methodology. We begin with OLS estimation in Model 1.1. Diagnostic tests on the resulting equation indicate critical problems, including strong evidence of autocorrelation, heteroscedasticity, nonnormality of residuals and functional misspecification. Perron (1989) has shown that many tests for unit roots incorrectly conclude the presence of a unit root when there is a structural break in the series, and intuitively it is unlikely that the price or wage series are I(2).Thus, we conclude the test results are flawed and enter the US and Canadian inflation and wage variables in the regressions below as first difference of their logs. Detailed results of the unit root tests are available from the authors on request.
To address the problem of serial correlation, an autoregressive model (AR 1) is estimated with results shown for Model 1.2. The Durbin-Watson statistic of 1.97 for this model suggests elimination of serial correlation. There is also a considerable improvement in the adjusted R-squared results and the likelihood ratio test shows the AR1 model is preferred to OLS.
Considering both current and lagged effects, the estimates for Model 1.2 imply an elasticity of world primary commodity prices with respect to OECD industrial production over the study period of 1.7 (significantly different from zero at the one percent level), with the estimates not much different in the OLS results (Model 1.1).
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Changes in producer prices have an almost proportional affect on primary commodity prices (the coefficient of the producer price variables is significantly greater than zero, but not significantly greater than one at the five percent level), which suggests it is the real commodity price rather than the nominal price that is affected by the world business cycle. The estimates for Model 1.2 also reveal the presence of a significant negative impact of long-term and short-term interest rates, which suggests an impact of resources exhaustion or commodity arbitrage as opposed to substitution between capital and primary commodities in production. Finally, a distinct seasonal pattern in world primary commodity prices is indicated, with a significant fall in prices in the third quarter.
Exchange rate equations
We have data on all the variables in all models for Australia from 1973Q1 to 2001Q4 and for Canada from 1960Q1 to 2001 Q4. However, the currencies of each of these countries were pegged to the US dollar in the early years of the sample period. We estimate exchange rate equations for each country over the period after the move to flexible exchange rates. For Australia this is from 1984Q2, while for Canada it is from 1970Q2. In Table 2 , we show the estimation results for regressions in the general form of (2) for the period from these start dates up to 2001Q4. Given potential endogeneity between the domestic price level and the exchange rate, results are generated using generalized instrumental variable estimation (GIVE) in Model 2.1 and Model 2.2 for Australia and Canada, respectively. The domestic price level variable and the primary commodity price variable, which is treated as an endogenous variable in the results in Table 1, are each instrumented by their one-period lags. The results for Canada indicate a high level of serial correlation, so the regression is re-estimated using auto-regressive estimation (AR). The current domestic and US price levels are dropped from the regression due to potential endogeneity. The estimated coefficients of the other variables are not much changed from the corresponding GIVE estimates.
The dependent variable in the regressions in Table 2 is the first difference of the log of the number of dollars of local currency that can be purchased per US dollar.
Hence, a negative (positive) coefficient indicates an appreciation (depreciation) of the local currency and the coefficient of the independent variables can be interpreted as elasticities. Our special concern is with the impact of world primary commodity prices. The negative and significant coefficient of the current world commodity price the indicates it is appropriate to think of both the Australian and Canadian dollars as 'commodity currencies'. The value of each appreciates with increases in world commodity prices, although the effect is clearly much stronger for Australia. This is as expected given the heavier concentration of Australian exports on primary commodities (particularly coal, wheat and iron ore) or lightly processed primary commodities (alumina, wool and meat).
In addition to primary commodity prices, exchange rates in both Australia and Canada are affected by interest rates. For Canada only short-run domestic interest rates have an impact, with increase leading to an immediate depreciation of Canadian dollar partially offset by a lagged appreciation. This opposite to expectation for interest rates as an attractor of capital flows, but consistent with the short-run interest rates serving as an indicator of expected inflation.
For Australia, the coefficients for both the current short-run interest rate and the four-quarter lag suggest an interpretation as with Canada, that short-run rates serve as an indicator of inflationary expectations. Both estimated coefficients are larger and more significant than in Canada, suggesting a more sensitive foreign exchange market. The four-quarter lag of the US short-run rate has a negative impact, roughly equal in magnitude to the sum of the two corresponding Australian coefficients. Thus, it seems to be the interest-rate differential that impacts on the exchange rate, at least after some lag.
The interest-rate differential also seems to drive the impact of long-run interest rates on the Australian / US exchange rate. Increases in Australian long-term interest rates lead to an appreciation of the Australian dollar against the US with a two-quarter lag, while increases in the corresponding US rate lead to depreciation. These coefficients suggest that funds flow to the country with the highest rates, pushing up the exchange rate for that currency.
For Canada, there is evidence of a purchasing-power-parity impact of domestic and US prices, at least in the GIVE estimates. Increases in Canadian prices lead to depreciation of the Canadian dollar, with US prices having an opposite and almost equal effect. No impact of US inflation could be detected for the Australian exchange rate and the impact of Australian domestic inflation is of weak significance and with offsetting signs for various lags.
Domestic inflation equations
We estimate results for the full period of data available for each country, as the choice of exchange rate regime is not expected to have great impact on the domestic inflationary process. Thus, the estimates are based on data from 1973Q1 to 2001Q4 for Australia and from 1960Q1 to 2001Q4 for Canada. The dependent variable in each equation is the first difference of the log of the domestic price index, which provides a measure of inflation and each coefficient of an independent variable (all in first differences of logs) provides an estimate of the elasticity of the price level with respect to the particular variable.
Estimation for both Australia and Canada is carried out GIVE due to the presence as explanatory variables of other endogenous variables from our system, specifically the domestic wage rate and the price of primary commodities converted into domestic currency. However, the original estimates for Canada in Model 3.2 indicate the evidence of significant serial correlation and functional form misspecification. We find that by adding a time trend to the equation in Model 3.3, the likelihood tests show no evidence of either serial correlation or misspecification but there is evidence of significant hetroscedasticity.
7 Results for the single Australian regression, Model 3.1, and the two Canadian regressions are reported in Table 3 .
Primary commodity prices converted into domestic currency and wages both The US producer price index converted at the current exchange rate, is used as a measure of the price of competing imports for both Australia and Canada. Inflation in this measure has opposite estimated impacts on inflation in the two countries, with a coefficient of about -0.07 in the Australia, but between +0.31 and +0.42 in Canada.
It's not surprising that Canadian prices are more heavily influenced by US prices, given the much stronger trading relationship, but the difference in sign is surprising.
Output growth is negatively related to inflation in Australia, but has no significant relationship to inflation in Canada. find a negative influence of output growth on inflation for three major industrialized countries, US, UK and Japan. The interpretation of the relationship given there is that there are procyclical variations in productivity, lowering direct production costs, or countercyclical variations in gross profit margins. In either event growth is deflationary and contributes to an improvement in the country's international competitiveness. The size of the deflationary effect for Australia in Model 3.1 is comparable to that found for the US and UK and bigger than that found for Japan.
There is some evidence of a positive impact of capital cost increases on price inflation in Canada, but only in Model 3.2 without the time trend. There also is some evidence of seasonality for inflation in Canada. None of the capital-cost variables or seasonal dummies is found to have any significant impact on inflation in Australia.
Wage equations
As with the domestic price equations, we estimate wage equation results for the full period of data available for each country, so the estimates are based on data from 1973Q1 to 2001Q4 for Australia and from 1960Q1 to 2001Q4 for Canada. Also, as with the price equations, the dependent variable in each equation is a first difference of the log of a variable, but now an industrial wage index rather than the domestic price index. This means the dependent variable is a measure of wage inflation and each coefficient of an independent variable (all in first differences of logs) provides an estimate of the elasticity of the wage level with respect to the particular variable. Table 1 The dominant influence on wage inflation in the results in Table 4 is price inflation for both Australia and Canada. For Australia, the results suggest a full pass through of price inflation into wage inflation, with the sum of the coefficients of current and lagged price inflation coefficients equal 1.22 but not significantly different from 1.0. For Canada, the estimated impact is substantially smaller at 0.55, which is significantly less than 1.0.
Noticeably absent from significant influences on wage inflation in Australia is the unemployment rate. Other specifications or estimations methods do occasionally return a statistically significant coefficient of unemployment variables. However, the magnitude of impact is generally small and often offsetting over various lags, as is the case for Canada in Model 4.2. The net coefficient over up to a four-quarter lag is minus 0.0016, suggesting that increasing the unemployment rate by six percentage points, such as from four percent to ten percent, would reduce the inflation rate by one tenth of a percent per quarter.
Commodity price inflation has a small negative impact on wage inflation in both Australia and Canada. As commodity price inflation is already included directly and indirectly in the price inflation measure, this might simply reflect an overweighting of commodity price inflation in overall price inflation.
Conclusions
We examine the impact of primary commodity prices on inflation in Australia and Canada as commodity exporting countries. Commodity prices are highly volatile and are dependent on the world business cycle. This has potentially complex implications for commodity exporting countries. Primary commodity prices have a positive impact on the aggregate price level through the use of commodities as raw materials in industrial production. However, a 'commodity currency' might appreciate (depreciate) with increases (decreases) in commodity prices, thereby offsetting the direct effect of changes in commodity prices on the cost of production.
We find that primary commodity prices are strongly pro-cyclical with world industrial production. We also find that this impacts on the value of the Australian and Canadian dollar (relative to the US dollar) through the type of relationship to commodity prices expected for a 'commodity currency'. However, the long-run elasticity of the Canadian dollar, at less than one tenth, is substantially lower than for the Australian dollar, for which the elasticity is not significantly different from one.
Thus, primary commodity prices expressed in Australian dollars are largely insulated from movements in world prices of primary commodities, whereas Canadian primary commodity prices move pro-cyclically with world industrial production.
Our results for determining the price inflation show a positive and significant impact of primary commodity price inflation in both Australia and Canada, although the magnitude of impact is much greater for Canada than for Australia. This taken together with the evidence that Canadian inflation is also positively impacted by US inflation, where the latter has also been positively impacted by primary commodity price inflation according to , means the evidence suggests that Canadian inflation rises and falls with world commodity price inflation.
The link between commodity inflation dynamics and domestic inflation for Canada is thus similar to the experience of the major industrialized countries, the US, UK and Japan, examined in and different from the experience of Australia.
